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Introduction

| often say that when you can measure what you are speaking about, and express it in numbers,
you know something about it; but when you cannot measure it, when you cannot express it in
numbers, your knowledge is of a meagre and unsatisfactory kind...
Lord Kelvin (Sir William Thomson), PLA, vol. 1, “Electrical Units of Measurement,” 1883

Basic rifle marksmanship is one of the most fundamental skills required of all Soldiers.
Indeed, it is first among the basic Soldier’s precept, “Shoot, move, communicate.” Essential
warriors skills in which all Soldiers must demonstrate competency are listed in the U.S. Army
Soldier’s Manual of Common Tasks (Department of the Army [DoA], 2008a, 2006). Soldier
tasks specifically addressing direct fire marksmanship are outlined in table 1.

Table 1.
Warrior tasks of marksmanship.

Assessment Warrior Skill Task No.
Engage Targets with an M16 or M4 Series 071-311-2007 (M16) or 071-100-0003 (M4)
Rifle
Engage Targets with an M9 Pistol 071-004-0006

Engage Targets with an M240B Machine Gun | 071-025-0007

Engage Targets with an M249 Machine Gun 071-010-0006

Engage Targets with an MK19 Machine Gun 071-030-0004

Engage Targets with a Caliber .50 M2 Machine | 071-313-3454
Gun

The Engagement Skills Trainer (EST) 2000 is a marksmanship training device used
extensively throughout the Army to develop, train, and sustain essential individual and collective
marksmanship skills (DoA, 2008b). In addition to marksmanship, it is also used to train on
squad tactical procedures and friend-foe/shoot-don’t shoot judgment and decision scenarios. The
EST 2000 has the capability to replicate eleven weapons including rifle, carbine, pistol, various
machine guns, grenade launcher, and others (DoA).

The EST 2000 consists of an instructor-operator station, high-resolution projector, detection
system, air compressor, projection screen, cabling and hoses to connect to lane position weapon
boxes, and the associated training weapons (figure 1). The basic setup includes five firing
position lanes. The weapons are slightly modified to interface with the system but still maintain
their form, fit, feel, and function (figure 2).




Figure 1. EST 2000 configuration.

Figure 2. Soldier firing on EST 2000 with M4 rifle.

The EST 2000 possesses the capability to not only record the number of hits and misses, but
also to determine shot radius (i.e., accuracy in the form of distance of the shot from center of
mass [CM] of the target) and reaction time (i.e., latency of trigger pull from the time of target
presentation). Aim trace is another EST 2000 feature important for marksmanship training
whereby the point of aim can be displayed before, during, and after the shot to aid in diagnosing
problems with aiming, breathing, trigger control, and shot recovery (DoA, 2008b). This
technical report outlines a novel data collection technique developed at the U.S. Army
Aeromedical Research Laboratory (USAARL) whereby the aim trace feature can be captured as



a recording, specified over a time interval, and quantified as a root mean square (RMS) distance
from target CM as a measure of aiming drift. This feature adds to the investigator’s
armamentarium when employing the EST 2000 as a research tool in studies related to the
Warfighter.

Background

The Global War on Terror is almost 10 years old, and our nation’s warriors have been
engaged in combat operations in multiple theaters of conflict. Tragically, this has resulted in
numerous casualties—the majority is blast-related injury. A recent USA Today article
discussing traumatic brain injury (TBI) notes that the “signature wound” of the wars in Irag and
Afghanistan is alarmingly prevalent with more than 10 percent (%) of troops sustaining
concussion or brain injury and somewhere between 5 and 15% developing long term sequelae
(Zoroya, 24 May 2010).

One important challenge for the military leadership is the task of returning these warriors to
duty following such an injury. In a May 2009 memorandum to the Secretary of Defense,
Admiral M. Mullen, Chairman of the Joint Chiefs of Staff (CJCS), noted that between 5 and 20%
of service members have experienced some form of TBI during their deployments (“In-Theater
Traumatic Brain Injury Management Memorandum,” CJCS, 26 May 2009). He went on to
specifically list improved guidance for return to duty (RTD) among his recommendations to
improve the management of TBI and minimize the effects of blast exposure.

Within the Army’s Medical Research and Materiel Command (MRMC), the Military
Operational Research Program (MOMRP) Task Area “P” focuses on RTD for these wounded
warriors (MOMRP, 2010). The Task Area mission is to “address the need for research aimed at
providing evidence-based criteria for standards to determine the level of operational competence
and performance of a Soldier after injury” (Crowley, 2010). Assessing operational competence
and true, realistic Soldier performance necessitates assessments that extend beyond the sterile
clinic or laboratory setting, often employing Soldier training aids, combat scenarios, and actual
warrior skill tasks. To this end, the EST 2000 may prove a very useful vehicle for RTD research.

In addition to scoring target hits and misses, measuring CM accuracy, and capturing trigger
reaction time, the EST 2000 employs a simple aim trace feature (sometimes referred to as
“muzzle tracing”). With this feature, the point of aim can be displayed before, during, and after
the shot (figure 3). Unfortunately, there exists no mechanism within the system with which to
record, measure, or otherwise quantify this feature for the purposes of research.



Figure 3. Aim trace feature of the EST 2000. The shot is represented by the red dot.

The aim trace feature became a point of interest for the authors while conducting a drug study
employing aspects of the EST 2000 as Soldier task performance metrics (Gaydos, Kelley, Webb,
Athy, Walters, et al., 2010). In that study, possible side effects of the test articles (ketamine and
morphine) included dizziness, imbalance, vestibular impairment, and other plausible detriments
to marksmanship potentially manifesting as aberrant aim traces. Furthermore, it was realized
that a refined and quantifiable aim trace feature would be a particularly useful balance, sway, and
dynamic postural metric with respect to RTD studies for TBI.

Evidence suggests that no organ in the human body is more sensitive to body acceleration and
changes in ambient pressure (e.g., blast) than the vestibulocochlear organs (and their associated
central projections) (Lawson & Rupert, 2010). These organs can be considered akin to the
“canary in the coal mine” with respect to TBI and the human effects of blast. Blast effects can
manifest as damage to the vestibulocochlear end organs, cranial nerve VIII, vascular structures,
the brainstem or vestibulocerebellum, cerebral cortex, or the delicate anatomic encasing
architecture (e.g., fracture of the temporal bone) (Shumway-Cook, 2007). Aim trace represents
the compilation and integration of multiple aspects of the Soldier’s visual-vestibulocochlear-
musculoskeletal system of systems. To this end, it may be of importance to the researcher
employing the EST 2000 as a TBI and RTD research tool.



Development and Implementation Guide

The following steps outline a novel technique developed by the authors utilizing the data of
the EST 2000 aim trace feature to derive additional quantitative measures. Researchers can use
this technique to determine the quality of the shot and to what extent the path of the aiming point
near the shot was smooth and steady. This methods section is written to serve as a stepwise
guide for development and implementation.

Establishing parameters

The researcher first chooses the duration of the time interval immediately before the shot to be
analyzed. This parameter is labeled “PreShot Time” on the EST Logging Analysis window
(figure 4). This time should be comparable to the time required for the marksman to properly
squeeze the trigger (finger only; without lateral or vertical force and gradual enough so that the
break of the trigger is a surprise). During this time interval, typically one second or less, the
researcher can compute how fast the aiming point moves across the target by summing the
distances between all consecutive points in the interval and dividing by the time between the first
and last points in the interval. In the output field list (table 2), this measure is named
“PreShotSpeed.” Low values of this measure indicate that the marksman has a steady aim. The
researcher can also compute the average of the distance from each of these points to the exact
center of the target, named “PreShotRadius” and the square root of the average of the square of
these distances, named “PreShotRMS.” Low values of these measures indicate that the
marksman is on target. The sample standard deviation of the distance to the exact center of the
target, named “PreShotSD” can also be computed. Statistically, one can conclude that there is a
68% probability that a surprise shot, as described above, will fall within “PreShotSD” of the
mean “PreShotRadius.”

Second, the researcher chooses the duration of time interval immediately after the shot to be
analyzed. This parameter is labeled “PostShotTime.” This time should be less than the time
required for the marksman to consciously react to the shot, and is typically a small fraction of a
second. During this interval, as with the “PreShotTime” interval, the researcher can compute the
speed of the aiming point as the field named “PostShotSpeed” in table 2. A low value of this
measure confirms that the marksman’s aim was steady, while a high value indicates that he
“flinched” or maintained an unstable aim.



Table 2.
Data fields of output file.

Field Description
1. FileName Name of the data file
2. Subject Subject name (e.g., "Subject 07 Ketamine")
3. Weapon Weapon type/serial number
4. Lane Lane number
5. Target Target number
6. Distance Distance to target (m)
7. tReact Shot reaction time (ms)
8. OffX Shot X offset (m)
9. Offy Shot Y offset (m)
10.  OffRad Shot Radius offset (m)
11. HitMiss Shot Result string, "Hit/Miss™ (user rescore option)
12. HitRadius User-defined hit radius (m)
13. PreShotTime User-defined time before shot to analyze (ms)
14. PostShotTime User-defined time after shot to analyze (ms)
15.  AcqTime Time from target popup to aiming in outer circle (ms)
16. PreShotSpeed Average speed of aiming point in PreShot time (mm/sec)
17. PreShotRadius Average radius during PreShot time (m)
18. PreShotRMS Square root of the mean square radius in PreShot time (m)
19.  PreShotSD Standard deviation of radius during PreShot time (m)
20. PostShotSpeed Average speed of aiming point in PostShot time (mm/sec)

Setup

The EST 2000 operator enters a name for the scenario and the names of all gunners who will

participate along with their assigned lanes and weapons. When the EST 2000 is operated with
the “LOG” button (top left on initial screen) on the Toolbar in its default state of “ON” a Shot
Data Log file is generated that contains detailed data for all lanes, gunners, targets, and shots.
The following legend (table 3) appears at the beginning of each file and shows the types of data
that are present:




Table 3.
Legend of a Shot Data Log file.

Event Data
START_SCEN time
(ms)
TARG_PRESENT | time lane | Target Target Target Distance (m)
(ms) # # Type
IMP_PT time lane | Target | X Offset Y Offset (m)
(ms) # # (m)
SENSORS time lane | Target | cant (deg) pitch (deg) trigger
(ms) # # pressure (%)
TRIGGER_PULL time lane | Target React
(ms) # # Time (ms)
SHOT_RESULT time lane | Target | X Offset Y Offset (m)
(ms) # # (m)
END_SCEN time Hit/Miss
(ms)

The first column above contains the names of events that occur during a scenario. The other
columns describe the data columns that are present in the data file for the event named in the first
column. Note that each event has a time column, expressed in milliseconds. This is the time
elapsed from the start of the scenario (the “START_SCEN” event) until the end of the scenario
(the “END_SCEN” event). The impact point event (“IMP_PT”) and the “SENSORS” event
occur simultaneously approximately 30 times per second, starting when a target pops up (the
“TARG_PRESENT” event) and ending after a shot is made (the “SHOT_RESULT” event).

At the completion of the scenario, the EST operator can save the Shot Data Log file with its
default unique name (which includes the start date and time of the scenario). This is done on the
console by clicking menu item “10S”, then selecting “Backup Timing Study Logs...” and finally
browsing to the desired folder. Later, at a convenient time, the EST operator can copy the
folders containing the Shot Data Log files to a portable medium that can be imported to a server
on a local area network for analysis.

A Visual Studio .NET application named EST was developed by the Information
Management/Information Technology (IM/IT) Branch at USAARL to process collections of
Shot Data Log files and produce single files suitable for further analysis (e.g., Microsoft Excel,
Microsoft Access, SPSS, and other applications). The first line of the output file contains the
names of all the fields separated by commas. There are three types of fields:

1. Defined by the operator (in the scenario name or the gunner name);

2. Computed by the EST 2000 device (present in the Shot Data Log file); and



3. Derived by the EST application (from values in the Shot Data Log file).

The remaining lines of the output file contain the data in the fields listed above (table 3).

The Shot Data Log files can be stored in any number of folders with any name, nested up to
three levels deep. The user of the EST application specifies criteria for the scenario and gunner
names that determine specifically which Shot Data Log files are used to produce the output file.

If the user chooses to re-score the “HitMiss” variable, the application uses the “Bullseye
Radius” value that the user enters on the form as the sole criterion to grade each shot. If this new
value is different from that output by the EST device, an asterisk is added to the value which
becomes “Hit*” or “Miss*”.

The “PreShotSpeed” variable is the average speed in mm/sec of the aiming point just before

the SHOT_RESULT event. The length of time for this average is specified by the user in the
box labeled “PreShot Time” in figure 4.

Installing and executing the application

The application can be installed by any user (computer administrator rights are not required).
To install the application (listed on the X: [drive as an example]) double-click the following file:

XASCRIPT\VS\EST\SETUP.EXE

This installs and executes the application. To execute the application later, double-click the
following shortcut on the START menu:

START\PROGRAMS\USAARL.NET\EST

If the program is executed often, a shortcut copy to the Desktop is advised.



Viewing aiming data from the EST device

The program begins by opening the following window (figure 4):

(2] EST Logging File Analysis

Bullsepe Radius [ Maters [ ] Re-scare Hit/Miss

PostShot Time 150 | Millseconds

Aiming Radius R Meters =z Lot
i Choose Praoce ) In Parent to here

PreShot Time 500 | Miliseconds File = Dot —
— . ) In Grandparent to here ahd Gunher containing |v0|unteer

Lane hall

Flot Delay E | Ms

O Whits

(%) Black
Increment

e

=

Press CONTROL H to open the HELP document.

Figure 4. EST logging file analysis.



The “CONTRL-H” key can be used to open the “HELP” document for later reference.
Click the “Choose File” button and select a Shot Data Log file desired for examination, or any
file in a folder for processing, as in the following dialog (figure 5):

Select an EST Logging File [*.csv)

Lok i | I Ketamine Participants 1 & 2 w | + ] ﬂ' g v
g 231 Training Dy k34 Shat: Data Log File 2009_11_29_08_f
§ j} £54) Shot Daka Log File 2009_11_29_08_17_28.csv &3] Shot Data Log File 2009_11_30_07_¢

My Recent Il?‘ila]ShcuI: Diata Log File 2009_11 29 08_18_04.csv rﬂ_]a]Sh-:ut Data Log File 2009_11_30_07_¢
Documents 825 Shat Data Log File 2009_11_29_08_20_04.csv 424 Shot Data Log File 2009_11_30_07 ¢
— b2 shok Data Log File 2009_11_29_08_21_37.csv |Elajsl-u:t Diata Log File 2009 1130 07 ¢

[ AL : 2 W 5L Shot Data Log File 2009_11_30_08_:
el i‘fﬂ 'f:h]Shnt Data Log File 2009 11 30 05
b5 Shok Data Log File 2009_11_29_08_27_34.csv  #34]Shat Data Log File 2009_11_30_08_

; 634 Shot Diata Log File 2009_11_29_08_32_21.csv  E25|Shot Data Log File 2009_11_30_0&_
____/" £25) Shot Data Log File 2009_11_29_08_39_45.csv &3] Shot Data Log File 2009_12_02_07_t
i25)Shok Data Log File 2009_11_29_08_41_71.csv  #24]Shat Data Log File 2009_12_0Z_07_¢

634 Shot Diata Log File 2009_11_29_08_42_25.csv  E25)Shot Data Log File 2009_12_02_07 ¢
k34 Shot Diata Log File 2009_11_29_08_43_32.csv  E28Shot Data Log File 2009_12_02_0&_

_3—.11-; i24] Shat Data Log File 2009_11_29_08_46_71.csv  E25)Shot Data Log File 2009_12_02_08_:
. i) Shot Data Log File 2009_11_29_08_47_S4.csv  b2b|Shat Data Log File 2009_12_02_05_

by Documents

Heber.Jones an
AMEDWEAAR.. |4 | ¥

g e [Shot DataLogFile 2003 1123 08 22 56.cs | [ Open |

by Network  Files of type: IEST s bt files [ cav v| Cancel

Figure 5. Selecting an EST logging file.
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The white listbox now displays the scenario name and the gunner names in this file as shown
below (figure 6):

EBEX
Bullzeye R adiuz m Meters [] Re-score Hit'Miss Mot ) 5 O white
= @) InFolder [ Selected  with Scenario containing | zero.baseline | Lane |4 | @ Black
Airning Radius [HENM Meters = - Increment
PreShot Time [500 | Milliseconds Ghiacse Process ISR 0 L] ot 1 [ 2]
(S, i files (O In Grandparent to here and Gunner containing | subject L |
PosiShot Time | 150 | Miliseconds : " PltDelay (33 | Ms

|gcenario Name: Record Fire Tabls 1
Lane 4 Cunner Subject 02 Hetamine weapon MLSAZ/35141

Figure 6. Listbox display of scenario and gunners.

Note that the label on the “Plot Shot” button now shows the number of shots present for the
Gunner in the first lane that is used (up to five lanes can be active at the same time). To display
the aiming pattern for a shot, first set the “Lane” combo box (if there is more than one gunner).
Next, set the up-down control (next to the lower right corner of the “Plot Shot” button) to the
desire shot number, and click the “Plot Shot” button. To automatically advance to the next shot
after plotting a shot, check the “Increment” box.

To capture a plot for printing (using “ALT-Print Screen”), set the “White” radio button to

obtain a white background on the shot plot (saves ink or toner). Next, click the “Plot Shot”
button.
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(51 EST Logging File Analysis U:\AHP\Ketamine\Data\EST\Ketamine Participants 1 & 2\Shot Data Log File 2009_11_29_08_22 56.csv = |[B|X]

Bullseye Radius [I%S] Meters [] Re-score HitMiss ot O white
. . - () InFolder [] Selected  with Scenario containing | zera.baseline Lane |4 v &) Black
Aiming Radius R Meters 2 : Flias
Choose Process | ) InParent to here :
ime 1500 | il . ) [ Hat Plat Shat 4 /20
ek e =t e File Files () InGrandparent to here and Gunner containing | subject =
PostShot Time 150 Milliseconds Plat Delay |33 Mz

2
Scenario Wame: Record Fire Table 1

Lane ¢ Gunner Subject 0Z Ketamine weapon M16AZ 35141
Time=22077.9, Range=150_00 §HOT RESULT,25908.8,4,4,0.183,-0.317, Hit

You can right-click in the white listbox to open the contents in NOTEPAD, from which you can edit. print or save to a file_

Figure 7. EST plot shot with proper aim technique.

The outer gray circle has a radius of 4 m, and the next inner dark gray circle has a radius of 2
m. The dark magenta circle has a radius equal to the value specified by the user in the “Aiming
Radius” textbox (1.0 m in the figure 7 example above). The thin dark red circle has a radius
equal to the value specified by the user in the “Bullseye Radius” textbox (0.5 m in the example
above).

By default, the aiming line is drawn at the same speed that the aiming point was actually
moving across the target; the “Plot Delay” textbox contains the value of 33 ms, matching the
sample rate of the EST device. If desired, the lines may be drawn faster by lowering this value.
Note that the line changes color at each sample point, making it easy to see the segment length
and therefore the speed of the aiming point on each segment. At the time of the
“TRIGGER_PULL” event a red line is drawn from the end of the previous line segment to the
coordinates indicated on the “SHOT_RESULT” event, where a red “+” is also drawn and a
‘beep’ sound in generated. The example above (figure 7) shows good aiming technique with
rapid approach to the bullseye and slow movement just prior to the shot—an apparent slow
deliberate squeeze of the trigger. The example below (figure 8) shows rapid approach to the
bullseye and some slow movement near the bullseye, but then rapid acceleration just before the
shot—an apparent jerked trigger or flinch.
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() EST Logging File Analysis U:\AHP\Ketamine\Datal\EST\Ketamine Participants 1 & 2\Shot Data Log File 2009_11_29_08_27 34.csv (= [B|[X]
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Scenario Name: Record Fire Table 3
Lane 4 Gunner Subject 0Z Hetamine weapon MIEAZ /3514l
Time=2060.4, Range=150_00 SHOT RESULT,741%9.6,4,1,2. 764,-0.274,Miss

You can right-click in the white listbox to open the contents in NOTEPAD, from which pou can edit. print or save to a file_

Figure 8. EST plot shot with poor aim technique.

Selecting logging data files for processing
The first step in processing logging data files for subsequent analysis entails selection of the
“Choose File” button, and then selecting any file in the lowest level folder wished to be included.
Next, the options are set in the group box at the top center of the form as follows:

e To process only a few files, click the “In Folder” button and check “Selected” (files will
be selected later).

e To process all files in the folder, click the “In Folder” button and uncheck *“Selected.”

e To process all files in the parent folder and all files in every subfolder of the parent
folder, click the “In Parent to here” button.

e To process all files in the grandparent folder, all files in every subfolder of the

grandparent folder, and all files in every subfolder of every subfolder of the grandparent folder,
click the “In Grandparent to here” button.
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Typically, logging data files will include preparatory files with scenario names such as “Quick
Zero Confirm — 3 Shot,” “9mm 1 sec w-building PRACTICE,” or “9mm 1 sec w-building
Baseline.” These can be excluded from processing by entering a unique word from each
scenario to be excluded, separated by commas (no spaces) in to the textbox labeled “with
scenario containing” and checking the “Not” box next to it. For example, to exclude all three of
the types of files cited above, enter “zero,practice,baseline” and check the “Not” box.

Logging files may also contain data for extra participants to be excluded from processing.
The gunner name for those should not be named as normal participants. For example, normal
participants may have gunner names containing the words “Subject” or “Volunteer.” To include
only gunners with names containing one of these words, enter “subject,volunteer” in the textbox
labeled “and Gunner containing,” and do not check the “Not” box.

Specifying processing parameters

Enter a value in the textbox labeled “Bullseye Radius* to determine the radius of the thin dark
red circle drawn around the center of target clicking the “Plot Shot” button. By checking the box
labeled “Re-score Hit/Miss,” this value also determines whether a shot is a “Hit*” or a “Miss*.”
The asterisk is added to indicate when the Hit/Miss determined using this value disagrees with
the Hit/Miss determined by the EST device.

Enter a value in the textbox labeled “Aiming Radius” to determine the radius of the inner dark
magenta circle drawn around the center of target clicking the “Plot Shot” button. Aiming points
outside this radius are categorized as “seeking” and those on or inside this radius are categorized
as “aiming.”

Processing

Click the “Process Files” button after making sure that the controls with the following labels
have been set to the proper values:

e Bullseye Radius
0 Re-score Hit/Miss

e Aiming Radius

e PreShot Time

e InFolder
0 Selected

e InParentto here

e In Grandparent to here

e With Scenario containing
0 Not

e And Gunner containing
0 Not
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The following is a typical result from clicking the “Process files” button (figure 9). The first
two lines contain some summary results that will help confirm that the correct files were
processed. The definitions are:

AllFiles Number of files found

UsedFiles Number of files processed (met criteria for Scenario and a Gunner)
AllGunners Number of Gunners found

UsedGunners Number of Gunners used (Gunner name met criteria)

Targets Number of targets that popped up for gunners that met criteria
Shots Number of shots fired by gunners that met criteria

ExclScen Number of Scenarios that did not meet the criteria

NullFlles Number of files that did not contain logging data

ExclGunner Number of Gunners that did not meet the Gunner name criteria

ST Logging File Analysis U:\AHP\Ketamine\Data\ESTAKetamine Participants 1 & 2\Shot Data Log File 2009_11_29 _08_27_ 34.csv

Bullzeye Fadius E Meters [] Re-score Hit/Miss ot ) ) White
- ) o (& InFolder [] Selected  with Scenario contairing | zero,baseline Lane 4 % | () Black
Aiming Radius R Meters 55 = = il
Choose Process () InParent ta here Flat Shat 1410 :
PreShot Time | 500 | Milliseconds - = [ Hat - ot Shot =
; ) H .H £ InGrandparent to here and Gunner containing | subject 1 &
PaostShat Time (150 | Miliseconds PlotDelay |33 | Mg 404
A211Files UsedFiles AllGunners UsedGunners Targets ghots ExclScen NullFiles ExclGunner ~
40 21 74 21 618 404 9 u} u}

FileName, Subject ,Weapon, Lane, Target ,Distance, tReact ,0f£X, 0££fY ,0ffRad HitMiss HitRadius, PreShotTime,PostShotTine, AcgTime, Prefhe
Shot Data Log File Z005_11 25 08 ZF E&.csv,subject 0Z ketamine M16AZ/3E141,4,1,50.000,2752.9,-0.10&,-0.070,0.1270E7556065603
Shot Data Log File Z005_11 25 08_ZF E&.csv,subject 0Z ketamine M16AZ/3E5141,4,Z,199.800,351Z.9,0.186,-0.160,0.24534872140023237 F
Shot Data Log File Z009_11 295 08_Z2ZZ 56.csv,subject 0Z ketamine M16AZ/35141,4,3,100.000,2439.9,-0.077,0.043,0.08281923702413974,
Shot Data Log File Z009_11 25 08 _ZF E&.csv,subject 0Z ketamine M16AZ/3E5141,4,4,150.000,36432.2,0.182, -0.317,0.366030053410313 F
Shot Data Log File Z005_11 25 08 2F L& csv,subject 0F ketamine M16AZ/3E141 .4 5 300.000,3251.7, 0188, 0.085 0 Z0632ZFZEE2952999 Hi
Shot Data Log File 2009_11 28 _08_27_G&.cswv,subject 02 ketamine ,M16A7/35141,4 6 2E0.000,6795.8,-0.058,0.043,0.0722011080247388,
Shot Data Log File 2009_11_28_08_27_E&.csv,subject 02 ketamine M16A7/35141,4 7 50.000,2614 8,0 102, 0_033,0.107205410311234 Hit
Shot Data Log File Z009_11 25 08 2F L& csv,subject 0F ketamine M16AZ/3E5141,4,8,1593.800,4142 5, 0.371 0.0Z0,0.3715328692466882 Mi
Shot Data Log File 2009 _11 25 08 Z2F L& csv,subject 0F ketawmine M1E6AZ/3E5141,4,9,150.000,3284.9,0.122,0.030,0. 1314626274363 58 Hi
Shot Data Log File 2009 _11 29 08 Z2F L&, csv,subject 0F ketawmine M1E6AZ/3E5141,4,10,250.000,4195.3,0.208,0.634,0. 66662733217 293E
Shot Data Log File 2009 _l1_28 08 22 E&.cswv,subject 02 ketamine ,M1647/3E5141,4,11,100.000,2824.%3,-0.002,0.114,0.114017542509914,
Shot Data Log File 2009 _11 29 08 2F L&, csv,subject 0F ketawmine M1E6AZ/3E5141,4,1Z,199.200,6617.1,1.504,0.075,1. E0ERER2E210132 M
Shot Data Log File 2009 _11 29 08 Z2F L& csv,subject 0F ketawmine M16AZ/3E5141,4,1%,150.000,41322.5,0.544,0.088,0. EE07EE24427221E 1
Shot Data Log File 2009_11 28 08 22 E&.csv,subject 02 ketamine ,M16AZ/3E5141,4,14,200.000,-1,0.771,-0_080,0.775139342312077 Mis:
Shot Data Log File 200%_11 2% 08 2Z E&. osv,subject 0Z ketewmine M1E6AZ/3E5141,4,15,100.000,2102.2,0.111,0.156,0.1514&0172627306,F
Shot Data Log File 2009_l1_Z8 08 22 E&.csv,subject 02 ketamine M16AZ/3E141,4,16,250.000,6225.6,-0.042,0.104,0.11216059914248,F
Shot Data Log File 200%_11 2% 08 2F L&, osv,subject 0Z ketewmine M1E6AZ/3E141,4,17,1%53.200,412E.7,0.11323,0.0322,0.112540722012143,F
Shot Data Log File 2009_11_29_08_22_56.csv,subject 02 ketamine ,M16AZ/35141,4,18,150.000,3877.7,0.116,-0.205,0. 235544051081745,
Shot Data Log File Z00%_11 2% 08_22 56.csv,subject 0Z ketawmine M16AZ2/35141,4,1%,50.000,2240.0,-0.033,-0.001,0.0330151480353438
Shot Data Log File Z00%_11 2% 08 22 56.csv,subject 0Z ketawmine M16AZ/35141,4,20,100.000,4555.2,0.263,0.152,0.3228022714844%1,1
Shot Data Log File 2009_11_29_08_25_53.csv,subject 02 ketamine M16AZ/35141,4,1,199.000,4428.9,0.046,-0.194,0.199379036009306,F
Shot Data Log File 2009_11_29_08_25_53.csv,subject 02 ketamine ,M16AZ/35141,4,2,250.000,4141.7,0.429,-0.247,0.495025251881154,F
Shot Data Log File 2009_l1 2% _05_25_53.csv,subject 02 ketamine M16AZ/35141,4,5,199.800,4152.5,0.370,-0.423,0.56198655464582, M4
Shot Data Log File 2009_11 2% _03_25_53.csv,subject 02 ketamine M16AZ/35141,4,7,195.800,4688.2,0.303,-0.381,0.486735545009279 1
Shot Data Log File 2009_l1 29 _05_25_53.csv,subject 02 ketamine M16AZ/35141,4,6,150.000,9307.8,0.523,-0.285,0.597053595933965,1
Shot Data Log File 2009_11 29 _05_25_53.csv,subject 02 ketamine M16AZ/35141,4,9,150.000,4290.0,0.351,-0.301,0.462387283562167,1
Shot Data Log File 2009_l1 29 _05_25_53.csv,subject 02 ketamine M16AZ/35141,4,8,250.000,8354.7,0.642,-0.325,0.719575569346264,1
fhor Data Log File 2009_11_79_08_25_53.csv,subject 02 kevamine M16AZ/35141,4,10,150.000,4539.1,0.291,-0.223,0. 369682296032688,
fhor Data Log File 2009 11 7% _05_27_34.csv,subject 02 kevamine M16AZ/35141,4,1,150.000,5091.4,2.764,-0.274,2.77754753937195, M1 %

You can right-click on the white listbox to open the contentz in NOTEPAD . from which you can edit and save to a file or copy/paste to another application.

Figure 9. Exporting results to other applications.

To explore these results with another application, right-click the white listbox (figure 9) as
suggested by the hint at the bottom of the form and click “YES” to open the contents in
“NOTEPAD” and save the contents to a file named “Something.txt.” “NOTEPAD” may be
required to remove the lines above the field names for some applications. In the example here,
Microsoft Excel will be used and no editing is needed.
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Open Excel and click the large “Office” button in the upper left corner, then click “OPEN.”
In the combo box with the label “Files of type,” select “Text Files” (*.prn;*.txt;*.csv). Navigate
to and select the file saved from “NOTEPAD.” The Text Import Wizard will open. In step 1,
select “Delimited” and start the import at row 7 as shown below (figure 10):

Text Import Wizard - Step 1 of 3

The Text Wizard has determined that your data is Fixed Width.
If this is correct, choose Mext, or choose the data bvpe that best describes vour data,
Criginal data type

Choose the file type that best describes vour data;
(=) Delimited - Characters such as commas or tabs separate each field,
() Fixed width - Fields are aligned in columns with spaces between each Field,

Start impott at row: E C File arigin: | 65001 ; Unicode (UTF-8) |

Preview of file C:\PWnotepad. bxt.

A

AllFiles TUsedFiles AllGunners UsedGunners Targets Bhots
40 31 74 31 518 404

FileMame , Subject  Weapon,Lane, Target  Distance tReact  0f£¥ 0££fY, 0ffRad Hitl] s
¥

' [ west> | [ Enish

o

Figure 10. Text import wizard, step 1.
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Click “Next” to go to step 2. On step 2, select the comma delimiter as shown below (figure 11):

Text Import Wizard - Step 2 of 3

This screen lets vou set the delimiters your data contains, You can see how your kext is affected in the presiew
below,

[] Treak consecukive delimiters a5 one

[ other: I:l

Daka presview

ileMame uhject [=3=huTal

hot Data Log File Z005_11 23 0% 22 Eé.csw pubject 02 ketamine PI1EAZ/3E141
hot Data Log File 2Z005_11 29 08 22 Sé.csv pubject 02 ketamine PI1GAZ/35141
hot Data Log File 2003 11 25 08 22 56 csw ppubject 0Z ketamwine MI16AZ735141

i | >

| Ay

hot Data Log File 2003 11 25 08 22 E6_csw subject 02 ketamine MPIIEAZ/35141 |4

[ Cancel ][ < Back ][ Mext = ][ Firish

=)

Figure 11. Text import wizard, step 2.

Finally, click “Finish” to see the spreadsheet below (figure 12):

Yow  Dewipw  sppeen
B Houpten Genens - [hermat o (] ;::f"‘ .
0| S ueror hConter+ | [$0x %% 0 (|0 ] Sonmunnt Tormat | [Caiculation = | o Outeie fomat |
.| FileName
[3 o t ¥ Bl M| ) i N a ] a R
por, Manch Ihasti iofix ‘O |Ooea e FrerhoNTime A THr TPt ARchal e

migazfisia a4 1 50 27509 0906 -0.07 0.1ITCATISE Wi [T o0 150 141 0148 (3
3 MIGAZ/ISH1 4 3 1990 35119 088 016 O.34SMAETII Wit 65 500 150 84809 o om
4 MIEAZAISIEL 4 1 100 IS5 0077 DO DOERLINT Wit os 500 150 13068 007 0077 1
5 MIBAZ/ISIEL 4 4 150 36403 0089 0317 0.368030053 Wit o3 500 150 2mmas. () 0406 0on 22159
& ShotDatalogisubjectOZketamine MISAZ/IS1E1 4 5 300 38507 O.U83 0.085 0.208322563 Hit 03 500 150 300623 0.303 0 009 85158
7 ShotDwaloglsubject0Zhetaming MISAZ/35141 4 6 250 G79RE 0058 0,043 0072200103 Misy 05 500 10 410598 0,106 008 0ol a8
& thot Datalog |subject 02 ketamine M1SAJ/35181 4 7 50 26148 000 0033 0407084 Wit 08 08 15 s1889.7 143577 0,057 o.058 001 e
3 ShotDataloglsubjectO2ketamine MISAXISIE1 4 & 1908 41488 0971 002 0.3715386%2 Miss 08 50 150 $7486 ;00712 048 os o107 24738
10 Shot Data Log (subject 02 ketarmine M1642/15181 4 3 150 12849 0038 003 0.131468627 Wit 08 500 150, 666806 128593 L3103 [ RTER 1 5% 121004
1 MISAZ/ISIL 4 10 250 41950 006 0634 0.60H627332 Mus 08 500 150 MOSTS 304522 o618 neTe o s
13 Shot Data Log liubject 02 ketarmine MISAZ/1S141 4 11 200 38341 6063 D14 0.114G07SED Wit 08 s00 150 gaced.1 1ansn o.08t ooes oo 190834
13 Shot Dataloglsubject 02ketarsing MISAZ/ISI1 4 13 1900 SAI7.1 1380 0.075 1.50S8488S2 Miss 85 500 150 §7904 [T 157m 15m som 1031199
14 ShotDataloglsubjectO2ketamine MISAZ/ISIA1 4 13 150 41325 OSM 0.086 0550755888 Miss o3 500 150 $60356 532387 0603 [ T BSSEST
15 Shot DataLog lsubject 02 ketamine. M1GAZ/35141 4 14 300 1 0771 008 0.775139342 Misy 03 500 150 SSIL [ [ ] [ o
16 Shot Datalog Isubject OZketaming MIGAZ/ISIS1 4 IS 100 325 011 D56 0151460173 Hit 03 500 150 1080435 ) 02 02 oo 456.533
17 Shot Data Log isubject 02 ketaming MIGAZ/ISIA1 & 16 250 62256 0042 D004 0112160599 Hit 0 00 150, 108107.8 w70 [XT3 [ETHI 1Y 931847
18 thot DataLog lsubject 02 ketamine M16AJ/1S181 4 17 1998 41287 0013 0039 0.11954078 Wit s 00 150 1204388 371809 a1 018y oo 1878
19 Shot Data log | subject 02 ketamine MIGAZ/ISI41 4 I8 130 30777 0.116 -0.205 0.2BSSH4051 Hit LX) 500 150 129645.6 399 0.9 0195 000 651859
30 thet Dota Log | iubject 02 ketarmine. MISAZ/IS141 4 19 50 3340 -G08 0,001 0.033015148 Wit s 00 15 1376808 w1 o148 078 oom 134388
31 Shel Data Log lsubject 02 ketaming. MI1SAZ/ISIA1 4 20 100 45553 0341 0.199 003802971 Miss o 500 150 171405 60008 04T 0478 .07 (e
72 shotDatalogiscbject02ketamine MIGAZ/ISIA1 4 1 1998 M85 0046 -0.194 0199379038 Hit o3 500 150 0383 1000568 o83 0465 (31 1215631
23 shot Datalogisubject 02 ketamine MIGAZ/ISI41 & 2 250 41417 0409 -0.247 0435005252 Miss 03 =0 150 100504 484459 0535 033 0066 809564
34 shotDatalog lsubject 02ketaming MIGAZ/I5181 4 3 1998 1523 037 -0.423 0561596633 Miss LE 500 150 2298 258079 0582 0552 nowe 605
26 shot Data Log | tubje<t 02 kataming M1GAZ/I5141 4 7 1998 46880 0301 -0.361 0.4BETISEAS Ms 08 o0 150 so08ne 308138 0585 056 .04 909,017
26 thot DataLog I subject 02 kelaminge M1SAZ/IS141 4 6 150 93076 OS2 0.J88 0.547051598 Miss 08 0 150 243518 o ] ] o o
27 shot Data Log | sobject 02 ketamine MIGAZ/IS141 4 3 150 4290 081 -0.301 D.46IISTISE Miis 0 500 150 543967 45747 0451 basz  oo1? 1881
28 Shot Data Log | vubject 02 ketamine M16A2/15141 a [} 250 BISLT 0847 -0.325 0.7195735EY Mins 0.5 s00 150 540835 0 L] L] ) [

MISAZ/ISIE] 4 10 150 4SOOI D228 0.06%AI28S Miss os 500 150 E566 307571 0.3 o.388 oo 216697
30 Shot Dt Log (subject 02 ketamine MISAZ/ISIA] 4 1 150 50914 2761 -0.0M L77TSMTES Min o3 500 10 B3 124159 0665 07t 0 18504643
31 Shot Datalogisubject 2 ketamine MISA2/35141 4 2 50 22475 0045 007 O.0RSMSESS Hit 05 500 150 1678 574898 008 0052 DORE 335,573
37 5hot Data Log  ubject 0Zketaming MI6AZ/35181 4 3 100 3505 0112 0,064 0128996124 Hit 0.3 500 150 380552 34555 008 0097 0.0%6 7643
MAem  Sweetl | notepad TJ M

V-

ar A

sen 8 Find
e et

2 Uringwn
2 Urinown
2 unimgwn
2 Urinown
2 uriknown
2 Uninawn
2 uriknown

2 urinewn
2 Uninawn
2 Uninown
2 Unimown
2 uringwn
2 Unknown
2 uminown
2 uriknown
2 Urinewn

2 Urinown §

2 Uninown

2 Urimown 3

2 urinown
2 Urinown
2 uminown
2 uniknown
2 unknown
2 Usimgwn
2 Uninown
2 unimown
2 yrimngwn

Figure 12. Exporting results to spreadsheet.
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One of the tools in Excel that can easily be used to analyze data is the pivot chart, like the

sample shown below (figure 13):

@_U nercoBAFNH netepad st « Meroion Sxel PreedChid Tosti TR
- tome | et Pagelayout  Fomuii  Dwts  Beaem  ew  Dewioper  AppesmR Dvngn  Lapout  Fomst  Anste g-a
j & o comumoan -1 - (A A (Wit | G i Badt Good + T 'l“| F et 91' o]

Co < cawy r - - = % A 3

P o ructer | (IRl e ] (R ]| o ot - [ | ]| G nput e Deiel Format |, L ens mn‘

P 5 vet 5 angrment . romzar - e o i J
| cnan1 -G | ¥
[ al A T S-S TR N WY [ [ H [ Prvatthact 1 ites Pas x| PhvaTable Field List -
1 FileName Subject Weapon Lare !I"E Duitarse theact oftx oy Offhad li @
04 $her Data Log File J009_1 bubject 02 hetaenis M9/ 36353 1 & £ ™1 -0.093 0.167 ! Cncome ok 12 8 e
s Ma/38182 1 % » [t o082 010 F Report Filter Oom i |
e Do |
407 Awerage of PreshotAMS  Column Labels .+ L Axte Piekds (Catrgories) [Clomes
208 Riow Labels ¥ Ketamine: Morphine  Placebo  Grand Total Dutance ) | Dres
] 0200333333 0262416667 02563 0273083333 d ke ies) o o
410 100 64158125 6.37%8 06.39187% 0397468088 = ar Tz o - il
411 1% DA77 D.AESSSANS 0AS258845 0443092308 oo 'DD::
412198 CAGRTIINNG O.7IVINO0TT OLESDZESTL 0.742714286 X vekses Ovemeticent
411 250 702688880 0.BOSTTIITS ass o.M R L Dresrasana
414 300 0.338714286 0873 O.TSORNNNIN O.7I3444444 P]ms
415 Geand Q55705 D.SUSEIMIA  CAJSENTS DSEMBETAS Do
4. = Dot
a7 s of
us .\ ¥lDrea. 3N
Ny g s b beaer wws
e o 4 - = B 5z o 4 —
an o 5 - - = -
axr ar e i _
Azk o8 - - - = W wgtaming
x. 2 oy 1 (e — . maephie
W‘ B4  Placebe )
A, Aol N P X W
an 01 | patancs = | dmnestrme v
o a1 ¢
0
o+ : : :

an
ey | s 100 159 1998 %0 00
433 s = | | |
a [ Dot Lt vdnte: a
R -

tie 3 P o=

Figure 13.

Manipulating results in spreadsheet.
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Summary

This report outlines a novel data collection technique whereby the standard aim trace (muzzle
tracing) feature of the EST 2000 can be captured as a recording, specified over a time interval,
and quantified as a RMS distance from the target CM. This technique is useful as a quantifiable
measure to assess tenets of basic rifle marksmanship (e.g., contrasting figures 7 and 8).

Furthermore, when employing the EST 2000 as a research tool, the aim trace application can
also represent the dynamic compilation and integration of multiple aspects of the Soldier’s
visual-vestibulocochlear-musculoskeletal systems as it applies to marksmanship tasks. To this
end, it may be of importance to the researcher employing the EST 2000 as a research tool for
areas such as TBI and Soldier RTD.
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